BACKGROUND It is unclear which learners would most benefit from the more individualised, studentstructured, interactive approaches characteristic of problem-based and computer-assisted learning. The validity of learning style measures is uncertain, and there is no unifying learning style construct identified to predict such learners.
OBJECTIVE This study was conducted to validate learning style constructs and to identify the learners most likely to benefit from problem-based and computer-assisted curricula.
METHODS Using a cross-sectional design, 3 established learning style inventories were administered to 97 post-Year 2 medical students. Cognitive personality was measured by the Group Embedded Figures Test, information processing by the Learning Styles Inventory, and instructional preference by the Learning Preference Inventory. The 11 subscales from the 3 inventories were factor-analysed to identify common learning constructs and to verify construct validity. Concurrent validity was determined by intercorrelations of the 11 subscales.
RESULTS A total of 94 pre-clinical medical students completed all 3 inventories. Five meaningful learning style constructs were derived from the 11 subscales: student-versus teacher-structured learning; concrete versus abstract learning; passive versus active learning; individual versus group learning, and field-dependence versus field-independence. The concurrent validity of 10 of 11 subscales was supported by correlation analysis. Medical students most likely to thrive in a problembased or computer-assisted learning environment would be expected to score highly on abstract, active and individual learning constructs and would be more field-independent.
CONCLUSIONS Learning style measures were validated in a medical student population and learning constructs were established for identifying learners who would most likely benefit from a problem-based or computer-assisted curriculum.
INTRODUCTION
Medical students and residents must learn to rapidly retrieve medical information. Didactics using the lecture format promote the learning of isolated facts, making subsequent rapid retrieval during clinical practice difficult. 1, 2 Problem-based learning (PBL) and computer-assisted learning (CAL) facilitate clinical reasoning processes, including the rapid retrieval of information, and are being used increasingly in medical schools and residency training. [3] [4] [5] It is unclear which learners would be most likely to benefit from the more individualised, student-structured, interactive approach characteristic of these curricula. This study identifies common learning constructs among multiple learning style inventories that would identify such learners.
Due to the overlap of terminology and to the uncertainty regarding the behavioural constructs underlying learning styles, Curry 6 proposed a unifying 3-level hypothesis. The inner or core level was labelled Ôcognitive personalityÕ and refers to an individual's more permanent or stable learning personality. Existing instruments thought to measure this level include those of Witkin, 7 Myers-Briggs 8 and Kagan. 9 The middle level was described as Ôinforma-tion processingÕ and relates to an individual's approach to assimilating information through orienting, sensory loading, short-term memory, enhanced associating, coding and longterm storage. Because information processing was considered to be influenced by environmental variables, it was described as a less stable construct than cognitive personality. Existing measures of information processing include those of Kolb, 10 Tamir et al., 11 Schmeck et al., 12 and Honey and Mumford. 13 The outer or skin level was described as Ôinstructional preferenceÕ as it relates to how individuals prefer to learn, whether through lectures, individual study or small-group study. As the outermost stratum, instructional preference was thought to be the least stable and most easily influenced behavioural construct. Three existing instructional preference instruments were recommended. [14] [15] [16] To date there has been no empirical testing to determine the construct or concurrent validity of the 3 proposed levels of cognitive personality, information processing and instructional preference in preclinical medical students. By better understanding learning style constructs, we might be able to determine the relative effect of each construct upon medical student performance, certification examinations, attitude, specialty choice, residency training success and continuing medical education. 17, 18 ÔConstruct validityÕ refers to whether a scale measures the unobservable construct that it was designed to measure. For example, if an analysis of learning style constructs identified the 3 component layers as described by Curry, 6 then construct validity would be established for the 3-layer hypothesis. When we claim construct validity, we claim that our observed pattern -how things operate in reality -corresponds with our theoretical pattern -how we think the world works. 19 ÔConcurrent validityÕ is a form of construct validity where the measures being validated are correlated with a criterion measure known to be valid. A valid test or scale measures what it purports to measure. Concurrent validity cannot exceed the square of the correlation between the 2 measures (i.e. the measure being validated and the criterion measure). 19 The criterion measure is the standard by which a measure is evaluated.
The objectives of this study were to:
1 determine the construct validity of the 3-level learning style hypothesis (i.e. whether the 3 measures representing different learning style levels behave differently, as expected); 2 estimate the concurrent validity of the subscales of the 3 learning style inventories (i.e. whether a high correlation exists among subscales measuring the same behavioural constructs), and 3 identify the most likely subgroup of medical students to benefit from PBL and CAL.
METHODS

Study design and participants
Using a cross-sectional, survey design, 97 of 191 preclinical medical students participated in the study
Overview
What is already known on this subject
Problem-based learning (PBL) and computerassisted learning (CAL) are popular in medical schools. Learning style measures are needed to identify the learners most likely to benefit from these curricula. The validity of learning style measures is uncertain.
What this study adds
Learning style measures were validated in a medical student population. Learning style constructs identified the learners most likely to benefit from PBL or CAL. These PBL and CAL students were significantly more abstract, active, individual and field-independent.
Suggestions for further research
Further research might determine tolerance for unmatched instruction methods and learning style, and might replicate this study in other medical student populations.
prior to a computer-based simulation elective designed to teach and evaluate medical problemsolving skills.
Description of cognitive style inventories
Of the multiple cognitive style inventories available, the following inventories were found to have the best documented psychometric profiles to represent the 3 levels of learning style proposed by Curry. 6 1 Cognitive personality, an individual's more permanent or stable learning style, was measured by the Group Embedded Figures Test (GEFT) (Consulting Psychologists Press, Inc., Palo Alto, California, USA). The GEFT classifies learners as either field-dependent or field-independent and demonstrates Ôabsolute stabilityÕ even over extended periods. 7 2 Information processing, the second, less permanent level of learning style, is influenced by environmental variables and relates to an individual's approach to assimilating information through orienting, sensory loading, short-term memory, enhanced associating, coding and longterm storage. 6 It was measured by the Kolb Learning Styles Inventory (LSI). 10 The LSI classifies the participant's learning style preference as concrete experience, reflective observation, abstract conceptualisation or active experimentation. 3 Instructional preference, the third level of learning style, relates to how individuals prefer to learn, whether through lectures, individual study or small-group study. It is thought to be the most easily influenced behavioural construct 6 and was measured by Rezler and Rezmovic's Learning Preference Inventory (LPI).
14 The LPI classifies participants' learning preferences as abstract, concrete, teacher-structured, student-structured, interpersonal (group) or individual.
Administration, scoring and analyses
All instruments were administered and scored as recommended in their respective documentation. Group comparisons were made using ANOVA statistics. The 11 subscale scores were factor-analysed with factor rotations according to the varimax criteria. This was done to identify common learning constructs among the 3 representative learning style inventories and to test the 3-level learning style hypothesis. If the 3 learning style inventories measure different behavioural constructs, then 3 separate factors should emerge during factor analysis to support the construct validity of the 3-level learning style hypothesis. Subscale scores were correlated using the Pearson product)moment technique as a measure of concurrent validity of common subscales among the 3 inventories. High concurrent validity would be supported if there was a high correlation between subscales measuring the same behavioural construct.
RESULTS
The 97 medical students participating in the study did not differ significantly from the remainder of the medical school class (n = 94) in ethnicity, sex, prior clinical experience on hospital wards, or on clinical reasoning assessments. The mean subscale scores ± SD for both male and female medical students and total scores ± SD are reported in Table 1 . No significant gender differences were found for any of the learning style subscales. Mean scores for medical students were in the ranges previously reported for college students.
7,10,14 Table 2 displays the results of the simultaneous factor analysis of the 11 learning style subscales. Subscales from the LSI and the LPI tended to group together into 4 meaningful learning style constructs, while the GEFT loaded primarily onto a fifth construct. Interestingly, all 5 of the newly derived learning style constructs represented meaningful Ôbipolar factorsÕ, where at least 1 of the 11 subscales loaded positively and another of the subscales loaded negatively on each of the 5 factors ( Table 2 ).
The 5 newly derived learning style constructs are:
1 student-versus teacher-structured learning (18.8% of the total variance of scores), which reflects a learning preference for student-organised autonomy and self-direction rather than a well organised, teacher-directed class; 2 concrete versus abstract learning (13.8% of the total variance of scores), which represents a learning preference for active, experience-based learning rather than the more analytical, conceptual approach that emphasises the learning of theories and general principles; 3 passive versus active learning (11.0% of the variance), which reflects a learning preference for passive lectures rather than active experimentation such as PBL; 4 individual versus group learning (9.9% of the score variance), which reflects a preference for learning alone on tasks that are solitary rather than working with others, and learning style 5 field-dependence versus field-independence (7.5% of the variance), which represents a learning or personality tendency to be socially influenced and affected by surroundings rather than being internally grounded and analytical, and less influenced by others or surroundings. * No significant gender differences on any scale using ANOVA, P > 0.050. Established college student norms: field-dependent (0-10), field-independent (11-18). à All scores within the 40th to 60th percentiles of established norms for college students.
10 § Possible range is 15-90 with a low score meaning a low preference and a high score a higher preference. Correlations accounting for < 15% of the variance (r < 0.388) have been omitted. TS = teacher-structured; SS = student-structured; CO = concrete; CE = concrete experience; AB = abstract; AC = abstract conceptualisation; RO = reflective observation; AE = active experimentation; IN = individual; IP = interpersonal. * Rotated principal components (varimax criteria). Factor V was accepted although its eigenvalue was < 1 as it primarily represents the loading of the Group Embedded Figures Test (GEFT) . Estimated communality or the percent of total variable variance explained by the 5-factor solution. à Eigenvalue = total variance in data accounted for by factor. § Percent of total variance accounted for by factor.
14
Factor 5 (field-dependence versus field-independence) was accepted into the model although it had an eigenvalue < 1.0, as it primarily represented the GEFT.
The field-dependence ⁄ independence construct differed from learning preference and instructional preference constructs as it loaded onto its own factor supporting a stable, cognitive personality learning style level. A second learning style level is suggested to account for learning and instructional preference measures, supporting a 2-level rather than a 3-level learning style hypothesis. Learning ⁄ instructional preference constructs explain the most variance in learning style factor analysis, accounting for 87.7% of the total variance explained by the 5-factor model.
Although the construct validity of the 3-level learning style hypothesis was only partially confirmed, the construct and concurrent validities were supported for the learning style behavioural constructs. The construct validity of all subscales was supported except for the LPI concrete subscale. This subscale did not correlate with the concrete versus abstract learning construct.
The correlation results supported the concurrent validity of 10 of 11 subscales. Inspection of Table 3 reveals several significant correlations (P < 0.05), as described below.
1 High negative correlations were identified between subscales measuring bipolar constructs: LPI)teacher-structured versus LPI-student-structured learning (r = ) 0.62); LSI-concrete experience versus LSI-abstract conceptualisation learning (r = ) 0.43); LSI-reflective observation versus LSI-active experimentation (r = ) 0.53), and LPI-individual versus LPI-interpersonal (group) learning (r = ) 0.51). 2 Moderate positive correlations existed between the 2 subscales measuring abstract learning, the LSI)Abstract conceptualisation and the LPI) Abstract scales (r = 0.296). 3 Only the LPI)Concrete subscale did not correlate with other subscales measuring concrete versus abstract learning preferences (P > 0.05). Accordingly, the LPI)Concrete subscale was dropped from further subscale analyses of the concrete versus abstract dimension.
The correlation analyses also provided insight into relationships among the 5 newly defined, learning style constructs (Table 3 ), as follows:
1 student-structured medical students were more individual learners, while teacher-structured students were neither predominately individual nor group learners; 2 student-structured students were neither more concrete nor abstract in their learning style; in contrast, teacher-structured students tended to be more concrete and less abstract, and 3 no clear correlations were found among the teacher-versus student-structured learning construct and either the active versus passive learning style dimension or the field-dependent versus field-independent dimension.
Finally, when mean subscale scores were compared for subscales loading onto the new bipolar factors learning style (see means for ÔTotal scoreÕ, Table 1 ), medical students were found to be significantly more:
1 abstract than concrete learners, preferring an analytical, conceptual approach with a preference for learning theories and general principles (F 1,188 = 86.92, P = 0.000); 2 active than passive learners, preferring an active, ÔdoingÕ learning mode, with a dislike for lectures (F 1,188 = 26.7, P = 0.000); 3 individual than group learners, preferring to work alone on tasks that are solitary rather than working with others (F 1,186 = 43.0, P = 0.000), and 4 field-independent than field-dependent, suggesting an analytical rather than a global approach to learning.
Mean medical student scores on the student-versus teacher-structured bipolar factor were not significant, indicating that there was no predominant overall preference for either student-structured or teacherstructured learning among medical students.
DISCUSSION
These results provide much needed insight into learning style theory. They also suggest common elements among existing learning style inventories. Five underlying learning style constructs were measured by the 3 inventories tested. These can be categorised into 2 underlying learning style levels:
1 cognitive personality, and 2 learning ⁄ instructional preference.
The 4 learning ⁄ instructional preference constructs explain the most variance in learning style factor analysis: student-versus teacher-structured learning was the most significant learning style construct, accounting for nearly 20% of the variance. Construct and concurrent validities were supported for the 5 learning style constructs.
Based upon these newly described learning style constructs, those medical students most likely to do well in a PBL or CAL environment would tend to score highly on abstract, active and individual learning and would be more field-independent. While the student-structured versus teacher-structured learning style construct accounted for the most variance in factor analysis, medical students did not show a strong preference as a group for either student-or teacher-structured learning. Other researchers have found that mature students were more likely to prefer student-structured learning, and that preference for concrete learning may increase as a function of course instruction. 20 Medical students in this study tended to be more abstract and less concrete, preferring to focus on theories and general principles rather than on learning tangible, specific tasks or facts. It may be that, given the massive bombardment of information they experience during medical school, medical students are saturated with facts and would prefer to focus on the underlying theories or principles that might actually prove more useful to them throughout their medical careers.
While providing needed insight, the study has certain limitations. First, only 1 inventory was tested for each of the 3 levels of learning style outlined by Curry. 6 Selection of the inventory to represent each learning style level was based on the degree of supporting psychometric documentation and on the likelihood of individual versus group study preferences among medical students. It is possible that, had other learning style inventories been tested, additional learning style constructs would have been identified. Secondly, the 97 medical students who participated in the study were not a random sample of the 191 students in the medical school class, but were participants on a computer-based medical problemsolving elective. The results may have been biased in favour of medical students who preferred small-group or student-structured learning activities. However, this bias would be expected to be minimal as no significant differences were found between study participants and the remainder of the class on ethnicity, sex, prior clinical experience on hospital wards, or on other cognitive PBL assessments used to evaluate all students. Finally, the order of learning style inventory administration was not controlled due to the logistical demands of the study. Students completed the LPI and LSI at their leisure a few days prior to the GEFT, which was administered during the introduction to the computer simulation elective. However, there was no reason to suggest an order effect and it was considered more important to administer all 3 inventories prior to the computer simulation experience.
Although medical students may score in a particular manner along several learning style constructs, further longitudinal research is needed to determine whether learners can increase their range of tolerance for certain learning styles that they may initially prefer less (thus resolving the mismatch between learning style and instructional method). There is some research to suggest that learning maturation results from a mismatch between learning style and instructional method if the mismatch is gradually introduced and mentored. 21, 22 However, other research strongly supports increased learning efficiency resulting from matching learning styles and instructional methods. 23 Finally, confirmatory factory analysis of the 5 empirical learning style constructs would be beneficial using additional medical student populations and perhaps other learning style inventories. As these 5 learning style constructs are shown to be consistently valid, then more accurate determinations could be made of their relative impact upon medical student clinical performance, attitude, specialty choice, residency training success and even, perhaps, mode of continuing medical education.
The learning style of medical students has relevance for medical educators, medical administrators and medical students themselves. By adapting learning tasks and teaching methods to students' learning styles and preferences, medical student learning and attitudes improve. 24 Many medical students are frustrated under a traditional medical school curriculum and few experience the satisfaction of realising their full potential. Good course design must be flexible enough to meet each student's preferred learning style. For example, CAL can be adjusted to the varying styles of different learners, thus helping them to overcome their learning weaknesses. Designing courses that take student learning styles into account improves student responses to the material and helps students become better learners. 24 Perhaps greater concordance among medical education practice and student learning styles would restore an infectious enthusiasm for learning in our schools of medicine.
CONCLUSIONS
Medical students who elected a medical problemsolving computer simulation course demonstrated learning styles that were more likely to be fieldindependent, active and abstract, with less preference for learning with others in groups. Three learning style inventories, the Group Embedded Figures Test, the Learning Styles Inventory and the Learning Preference Inventory were validated in a medical student population. Each inventory contributed to at least 1 of 5 unique learning style constructs, although significant overlap was found between the Learning Style and Learning Preference Inventories. Learning style constructs were established for identifying learners who would be most likely to benefit from a problem-based or computerassisted curriculum.
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